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This invention relates to a process and 
apparatus for freezing a liquid medium, in par- 
ticular to a process and apparatus for freezing a s 
liquid medium to give spherical frozen particles 
Freez drying of liquid mediums, e.g. liquid 
solutions or suspensions, normally involves 
freezing the medium and then subsequently 
subliming the liquid from the frozen material in w 
for example, a vacuum chamber (freeze drier), to 
give the freeze dried product. Many methods of 
freezing are known. For example the liquid 
medium can be contained in a mould or other 
container which is cooled with solid carbon is 
dioxide, liquid nitrogen or the like. In an alter- 
native method the mould or other container 
containing the liquid medium may be passed 
through a freezing tunnel into which liquid 
nitrogen is injected, the nitrogen being 20 
vapounsed and the resulting cold gaseous 
nitrogen being passed over the liquid medium. In 
these prior art methods of freezing the liquid is 
frozen in a container which is wasteful of space 
both in the freezing apparatus and also in any 25 
subsequent processing apparatus such as the 
freeze drier. In contrast the present invention 
relates to a process for freezing a liquid medium 
to give spherical particles of frozen material. 
These spherical particles may be handled in bulk so 
making the subsequent processing more 
economical by, for example, saving space in the 
freeze drier. 

2 7 t 51 i 7 6 2 n N7p ?T« US . f Patent Specification 
SSL ?' */ a 5 ent S P ec '«cation 1,251,526 and 35 
Swiss Specification 178013, to freeze liquid 
material, e.g solutions or water, in pellet or 
particulate form by injecting the material to be 
trozen into a body of refrigerant fluid 

According to the present invention there is 40 
provided a process for freezing a liquid medium 
to produce spherical frozen particles in which the 
hquid medium is introduced in the form of 
droplets beneath the surface of a cooling liquid 
which is maintained at a temperature lower than 45 
the freezing point of the liquid medium, the 
cooling liquid being immiscible with, and inert 
with respect to, the liquid medium, and havinq a 
density greater than that of both the liquid 
medium and the resulting frozen particles such bo 
that as the liquid droplets float upwards in the 
cooling liquid towards the surface thereof they 
are frozen to form spherical particles charac- 
terised in that the cooling liquid is moved in a 
direction opposite to that of the ascent of the ss 
droplets. The frozen spherical particles produced 
by the process of the invention are of substan- 
tially uniform size and constitution. 

In the process of the present invention the 
cooling liquid is moved in a direction opposite to eo 
the direction of the ascent of the droplets, i.e. the 
cooling liquid is moved in a downwardly 
direction. This has the advantage over the 
processes described in the prior art that the rate 
of the ascent of the droplets can be r duced so es 



enabling inter alia more compact apparatus to be 

US6G* 

Th process of th inv ntion is particularly 
suitable for freezing aqueous solutions or sus- 
pensions, especially such solutions or sus- 
pensions which require to be subsequently freeze 
?T' d - Our French Patent Specification No 
7729663 (Publication 2366835) and our UK Patent 
Specification 1,548,022 disclose a method of 
producing shaped articles which are raoidlv 
disintegratable by water and which carry 
predetermined unit quantities of chemicals bv a 
process involving sublimation of a solvent from a 
frozen composition comprising the predeter- 
mined amount of chemical and a solution in a 
so vent (especially an aqueous solvent) of a water 
soluble or water dispersible carrier material so as 
to give a network of carrier material carrying the 
chemical. Our European Application 0084705 
discloses the preparation of similar solid shaped 
articles by a process involving sublimation of a 
so vent from a frozen composition comprising a 
solution in a solvent of a carrier material and then 
subsequently dosing the predetermined amount 
of chemical on to the freeze dried article. The 
process of the present invention is particularly 
useful for freezing compositions comprising a 
solution in an aqueous solvent of a carrier 
material which upon subsequent freeze dryinq 
forms a network which is rapidly disintegratable 
m water (for example within 5 seconds at 20°C) 
The compositions may contain a predetermined 

3 w e T' Cal SUch as a Pharmaceutical 
substance and the resulting frozen spherical 
particles may be freeze dried. If the composition 
contains a unit dose of chemical then a single 
freeze dried sphere may constitute a unit dosage 
which may be administered, dispensed or other- 
wise utilised in applications where it is desired to 
employ chemicals (such as pharmaceuticals) in 
predetermined unit quantities. Alternatively the 
composition which is frozen may contain less 
than the unit dosage of chemical and a number of 
freeze dried spheres would then constitute a unit 
dosage of chemical. The requisite number of 
freeze dried spheres can, if desired, be packeted 
together (e.g. in a sachet or the like) to provide a 
unit dosage. In an alternative embodiment the 
composition containing the carrier material 
without the chemical may be frozen and the 
frozen spherical particles freeze dried. The 
chemical may then be dosed on to the resulting 
freeze dried spheres. This embodiment is par- 
ticularly advantageous if the amount of chemical 
to be carried by each sphere is not especially 
critical (for example in non-pharmaceutical uses 
e.g. confectionery). In such applications the 
chemical may, for example, be sprayed on to the 
freeze dried spheres. 
Examples of suitable carrier materials, par- 

»™ a ? y K, t ? 08e tnat are Pharmaceutical^ 
acceptable for use in preparing pharmaceutical 
dosag forms are given in the above mentioned 
specifications. For exampl , the carri r may be 
formed from polypeptides such as gelatin, par- 
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ticularly gelatin which is partially hydrolysed, e.g. 
by heating in water. For example, the gelatin may 
be partially hydrolysed by heating a solution of 
the gelatin in water, e.g. in an autoclave at about 
120°C for up to 2 hours, e.g. from about 5 minutes 
to about 1 hour, preferably from about 30 minutes 
to about 1 hour. The hydrolysed gelatin is pre- 
ferably used at concentrations of about 1 to 6% 
weight/vol., most preferably at 2 to 4% e.g. about 
3%. Other carrier materials may be used in place 
of partially hydrolysed gelatin for example poly- 
saccharides such as dextran (in particular dextran 
of average molecular weight from 60,000 to 
275,000 e.g. 150,000 to 200,000), dextrin and 
alginates (e.g. sodium alginate) or mixtures of 
above mentioned carriers with each other or with 
other carrier materials such as polyvinyl alcohol, 
polyvinylpyrrolidine or acacia. The dextran is 
preferably used at a concentration of about 4% to 
20% weight/volume, e.g. about 6% to 18% (if the 
mol. weight is 150,000 to 200,000) or about 6% to 
10% (if the mol. weight is 200,000 to 275,000). 

Besides the chemical and the carrier material 
the composition to be frozen may contain other 
additional ingredients. For example, when 
preparing pharmaceutical dosage forms the com- 
position may include pharmaceutical^ 
acceptable adjuvants such as colouring agents, 
flavouring agents, preservatives and the like. In 
addition the composition may contain ingredients 
which aid in the preparation of the shaped 
articles. For example, the composition may 
include a surfactant, e.g. Polysorbate 80 BPC 
[polyoxyethylene (20) sorbitan mono-oleate], to 
aid in the dispersion of the chemical. The 
composition may also include ingredients such as 
fillers (e.g. mannitol, sorbitol) which improve the 
physical properties of the freeze dried spherical 
product. 

The solvent for the composition is preferably 
water but it may contain a co-solvent (such as an 
alcohol) if it is desired to improve the solubility of 
the chemical. 

According to the process of the invention the 
composition to be frozen is introduced in the form 
of droplets beneath the surface of a cooling liquid. 

Preferably a column of cooling liquid is 
employed and the composition is introduced near 
the base of the column. The composition is 
introduced into the cooling liquid as a liquid drop 
which floats upwards within the cooling liquid. As 
it rises the composition is gradually frozen so that 
the frozen spherical particles may be collected at 
or near the top of the column. The rate of ascent 
of the drop and the rate of freezing may be varied 
by using a cooling liquid of a suitable density and 
viscosity, maintaining the cooling liquid at the 
required temperature and employing a column of 
cooling liquid of suitable length. The length of the 
column is reduced by circulating the cooling 
liquid in a direction opposite to the direction of 
the ascent of the drop (i.e. moving it in a 
downward direction) so that the rate of the ascent 
of the drop is reduc d. 

The cooling liquid should be immiscible with 



70 



the liquid medium. If the liquid medium is an 
aqueous solution or suspension (such as the 
compositions mentioned above containing a 
carrier mat rial) the cooling liquid pr ferably has 
a density of about 1.05 to 1.4. Preferably the 
cooling liquid remains liquid to temperatures of at 
least — 50°C in order to provide for sufficiently 
rapid freezing of the liquid medium. Suitable 
cooling liquids include trichloroethane, trichloro- 
ethylene, dichloromethane, diethyl ether and 
fluorotrichloromethane. 

The liquid medium is introduced under the 
surface of the cooling medium in the form of 
liquid drops. For example the liquid medium may 
J5 be introduced into the cooling medium through 
an orifice of a size to provide drops of the required 
size. The size of the spherical frozen particles is 
also dependant upon the relative densities of the 
liquid medium and the cooling liquid. In order to 
20 prevent the liquid medium freezing around the 
orifice, the orifice may be maintained at higher 
temperature than that of the cooling liquid. 

The invention also provides an apparatus for 
use according to the process of the invention. 
25 According to the invention an apparatus for 
freezing a liquid medium to produce spherical 
frozen particles comprises a container for a 
cooling liquid, means for maintaining the tem- 
perature of the cooling liquid at a temperature 
30 below that of the freezing point of the liquid 
medium, an inlet in the container for introducing 
the liquid medium in the form of droplets below 
the surface of the cooling liquid, means for 
maintaining the temperature of the inlet above 
35 that of the freezing point of the liquid medium, 
means for moving the cooling liquid in a down- 
wardly direction in the container towards the inlet 
and means for collecting the frozen spherical 
particles at a position nearer the surface than th 
40 inlet. It should be understood that the means for 
collecting the frozen particles does not 
necessarily have to be positioned vertically above 
the inlet, provided that the means are nearer the 
surface of the cooling liquid than the inlet. 
45 Preferably the means are positioned at or near the 
surface of the cooling liquid. 

The container for the cooling liquid is pre- 
ferably a column of sufficient length to contain 
the requisite amount of cooling liquid. The 
so column can be jacketed and a heat transfer 
medium may be circulated through the jacket to 
maintain the cooling liquid at the desired tem- 
perature. The inlet may be in the form of a tube or 
the like of internal diameter of, for example, 0.5 to 
55 5 mm, e.g. 2 mm. The inlet may be maintained at 
a higher temperature than the cooling liquid by, 
for example, an electrical heater or by a heat 
exchange liquid (e.g. a water bath). 
An apparatus in accordance with the invention 
60 will now be described with reference to the 
accompanying drawings in which the Figure is a 
diagrammatic side levation of an mbodiment of 
the invention. 

In the embodiment shown in the Figure, a 
65 vertical column 1 1 has an inlet 12 near the top and 
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an outlet 13 near the bas so that the cooling 
liquid 14 circulates in the direction shown by the 
arrows. The inlet 12 and outlet 13 are protected by 
filters 15, 16, which allow circulation of the 
cooling liquid but prevent passage f the 
spherical particl s. Surrounding the c lumn 11 is 
a jacket 17 through which th heat transfer 
medium 18 is circulated through an inlet 19 and 
out through the outlet 20. The heat transfer 
medium is maintained at a low temperature by 
passing it through a refrigeration apparatus (not 
shown). 

An inlet pipe 21 for the liquid medium enters 
the column 11 near its base. The open end of the 
pipe 21 is surrounded by an electrically heated 
collar 22. 

In the open top of the column 11 there is 
situated a worm mechanism 23 designed to be 
driven at about 10 r.p.m. Droplets of liquid 
medium entering the cooling liquid 14 through 
the inlet 21 (by means of, for example, a peri- 
staltic pump — not shown) become frozen as they 
float upwards in the cooling medium and the 
resulting spherical frozen particles 24 are 
removed from the top surface of the cooling 
liquid by the worm mechanism 23. The spheres 
are dropped by the worm mechanism into a tray 
25 in which they may be transported to a cold 
store or direct to the freeze drier. 

The following Examples are reference 
Examples which illustrate methods for the pre- 
paration of frozen spheres and their subsequent 
freeze drying. 

Example 1 

A 3% w/v hydrolysed gelatin solution is 
prepared by dissolving 30 g of gelatin B.P. in 
water (made up to 1000 ml) with heat and 
constant stirring and autoclaving at 121°C for 60 
minutes. After allowing to cool, 30 g of oxazepam 
and 30 g mannitol is added to form a suspension 
which is injected by means of a peristaltic pump 
at a rate of about 5 ml per minute into a cooling 
liquid. The cooling liquid is dichloromethane 
maintained at a temperature of about -30°C 
using trichloroethylene as the heat transfer 
medium in the jacket. The trichloroethylene is 
admitted into the top of the jacket at about -40°C 
and exhausted from the bottom. The trichloro- 
ethylene is then pumped through a heat 
exchange coil immersed in a mixture of alcohol 
and solid carbon dioxide at a temperature of 
-78°C and returned to the top of the jacket 

The oxazepam/mannitol/hydrolysed gelatin 
suspension is pumped into the cooling liquid 
through a narrow steel tube of about 2.0 mm 
internal diameter. The base of the column is 
immersed in a cold water bath to above the level 
of the steel tube. 

As the pump injects the suspension into th 
co ling liquid droplets ris through the cooling 
liquid and freeze to form spherical particles which 
collect in the flared top of the column. 

The frozen spheres are removed from the 



column, drained and freez dried in a fr ez dri r 
at a pressure of 0.4 mm Hg and a temperature of 
60°C for 2 hours. 

The resulting freeze dried spheres constitute a 
pharmaceutical dosage form which dissolve 
rapidly in water (within 5 sees, at 20°C) and also in 
the mouth (within 2 seconds). Sixteen of the 
spheres, each of diameter about 2 to 3 mm 
constitute a 15 mg dose of oxazepam. 

Example 2 

The procedure of Example 1 is followed 
replacing the 3% oxazepam by 3.2% lorazepam, 
to give freeze dried spheres, each of which 
constitutes a single dose of 1 mg lorazepam. 

Example 3 

The procedure of Example 1 is followed 
replacing the 3% oxazepam by 0.7% 
cyclopenthiazide to give freeze dried spheres, 
each of which contains 0.25 mg cyclopenthiazide. 

The oxazepam may be replaced by other 
pharmaceutical substances in particular those 
disclosed in the above mentioned specifications. 

Example 4 

w/w 

Aluminium hydroxide high 15% 
strength gel (13%) 

Dextran (mw 200,000—275,000) 10% 



35 Mannitol B.P. 3% 

Peppermint flavour 0.3% 

Thaumatin 0.002% 

Sodium saccharin 0.02% 

Water to 100% 



w 



15 



20 



25 



30 



40 



45 



50 



55 



60 



65 



The above ingredients are mixed thoroughly 
and pumped at 5 ml/min through a 2 mm orifice 
into dichloromethane at -15°C to -20°C 
following the procedure of Example 1. The frozen 
spheres are recovered from the surface of the 
solvent and freeze dried in beds up to 2 cm deep. 
Each sphere contains 5 mg of dried Aluminium 
Hydroxide Gel and weighs 9 mg. 100 spheres 
constitute a single dose containing 500 mg dried 
Aluminium Hydroxide Gel. The spheres 
constituting a unit dose are dispersed in water by 
the patient prior to taking. 

Example 5 

The procedure of Example 1 is followed 
replacing the 3% oxazepam by 2.8% indole ac tic 
acid to give spheres each of which c ntains 1 mg 
indole acetic acid. The user can dissolve a sphere 
in a litre of water to give a composition which can 
be used as a plant growth promoter. 
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Claims 

1. A process for freezing a liquid medium to 
produce spherical frozen particles in which the 
liquid medium is introduced in the form of 
droplets beneath the surface of a cooling liquid 
which is maintained at a temperature lower than 
the freezing point of the liquid medium, the 
cooling liquid being immiscible with, and inert 
with respect to, the liquid medium, and having a 
density greater than that of both the liquid 
medium and the resulting frozen particles such 
that as the liquid droplets float upwards in the 
cooling liquid towards the surface thereof they 
are frozen to form spherical particles, charac- 
terised in that the cooling liquid is moved in a 
direction opposite to that of the ascent of the 
droplets. 

2. A process as claimed in Claim 1, in which the 
frozen spherical particles are collected at or near 
the upper surface of the cooling liquid. 

3. A process as claimed in Claim 1 or 2 wherein 
the liquid medium is a composition comprising a 
solution in an aqueous solvent of a carrier 
material which upon subsequent freeze drying 
forms a network which is disintegratabie in water. 

4. A process as claimed in Claim 3 wherein the 
composition additionally contains a predeter- 
mined amount of chemical. 

5. A process as claimed in Claim 4 wherein the 
chemical is a pharmaceutical. 

6. A process as claimed in any one of Claims 3 
to 5 wherein the carrier material is partially 
hydrolysed gelatin or dextran. 

7. A process as claimed in any one of Claims 3 
to 6 wherein the cooling liquid is trichloroethane, 
trichloroethylene, dichloromethane, diethyl ether 
or fluorotrichloromethane. 

8. A process as claimed in any one of the 
preceding claims wherein the resulting spherical 
particles are freeze dried. 

9. An apparatus for freezing a liquid medium to 
produce spherical frozen particles comprising a 
container (11) for a cooling liquid, means for 
maintaining the temperature of the cooling liquid 
at a temperature below that of the freezing point 
of the liquid medium, an inlet (21 ) in the container 
for introducing the liquid medium in the form of 
droplets below the surface of the cooling liquid, 
means (22) for maintaining the temperature of the 
inlet above that of the freezing point of the liquid 
medium and means (23) for collecting the frozen 
spherical particles at a position nearer the surface 
than the inlet characterised in that means (12, 13) 
are provided for moving the cooling liquid in a 
downwardly direction in the container towards 
the inlet. 

10. An apparatus as claimed in Claim 9 wherein 
the container for cooling liquid is a column of 
sufficient length to contain the requisite amount 
of cooling liquid. 

11. An apparatus as claimed in Claim 9 or 10 
wherein the means for maintaining the inlet at the 
required temperature comprises an electrical 
h ater (22) or a heat exchang liquid. 



Patentanspruche 

1. V rfahren zum Gefrier n eines flussigen 
Mediums zum Bilden von kugelfdrmigen 

5 gefrorenen Teilchen, bei dem das flussige 
Medium in Form von Trdpfchen unterhalb der 
Oberflache einer Kuhlflussigkeit eingebracht 
wird, welche bei einer Temperatur unterhalb des 
Gefrierpunktes des flussigen Mediums gehaiten 

10 wird, wobei die Kiihlflussigkeit mit dem flussigen 
Medium nicht mischbar und mit Bezug auf dieses 
inert ist und eine Dichte aufweist, die grdfcer ist 
sowohl als jene des flussigen Mediums als auch 
der resultierenden gefrorenen Teilchen derart, 

15 dafc, wenn die flussigen Trdpfchen in der Kuhl- 
flussigkeit nach oben zur Oberflache derselben 
hin schwimmen, sie unter Bildung von kugel- 
fdrmigen Teilchen gefroren werden, dadurch 
• gekennzeichnet, dafc die Kuhlflussigkeit in eine 

20 Richtung entgegengesetzt jener des Aufsteigens 
der Trdpfchen bewegt wird. 

2. Verfahren wie in Anspruch 1 beansprucht, 
worin die gefrorenen kugelfdrmigen Teilchen an 
der oberen Flache der Kuhlflussigkeit oder nahe 

25 derselben gesammelt werden. 

3. Verfahren wie in Anspruch 1 Oder 2 bean- 
sprucht, worin das flussige Medium eine 
Zusammensetzung ist, die eine Losung eines 
Tragermaterials in einem wasserigen Ldsungs- 

30 mittel umfafct, welche bei anschlieSendem 
Gefriertrocknen ein Netz bildet, das in Wasser 
nicht zersetzbar ist. 

4. Verfahren wie in Anspruch 3 beansprucht, 
worin die Zusammensetzung zusatzlich einen 

35 vorherbestimmten Anteil einer Chemikaiie 
enthalt. 

5. Verfahren wie in Anspruch 4 beansprucht, 
worin die Chemikaiie ein Pharmazeutikum ist. 

6. Verfahren wie in einem der Anspruche 3 bis 5 
40 beansprucht, worin das Tragermaterial parti el I 

hydrolysierte Gelatine oder Dextran ist. 

7. Verfahren wie in einem der Anspruche 3 bis 6 
beansprucht, worin die Kuhlflussigkeit 
Trichlorathan, Trichlorathylen, Dichlormethan, 

45 Diathylather oder Fiuortrichlormethan ist. 

8. Verfahren wie in einem der vorhergehenden 
Anspruche beansprucht, worin die resultierenden 
kugelformigen Teilchen gefriergetrocknet 
werden. 

so 9. Vorrichtung zum Gefrieren eines flussigen 
Mediums zum Bilden von kugelfdrmigen 
geforenen Teilchen, welche einen Behalter (11) 
fur eine Kuhlflussigkeit, Mittel zum Halten der 
Temperatur der Kuhlflussigkeit bei einer 

55 Temperatur unterhalb jener des Gefrierpunktes 
des flussigen Mediums, einen EinlaS (21) im 
Behalter zum Einbringen des flussigen Mediums 
in Form von Trdpfchen unterhalb der Oberflache 
der Kuhlflussigkeit, Mittel (22) zum Halten der 

60 Temperatur des Einlasses oberhalb jener des 
G fri rpunkt s des flussigen Mediums und Mittel 
(23) zum Sammeln der gefrorenen kugelfdrmigen 
Teilchen an einer Stelle naher der Oberflache als 
dem EinlaB, dadurch gekennzeichnet, da& Mittel 

65 (12, 13) zum Bewegen der Kuhlflussigk it in eine 
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Abwartsrichtung im Behalter zum EinlaS zu vor- 
geseh n sind. 

10. Vorrichtung wie in Anspruch 9 beansprucht, 
worin der Behalter fur Kuhlflussigkeit eine. Saule 
mit ausreichender Lange ist, um den erforder- 
lichen Anteil an Kuhlflussigkeit zu enthalten. 

11. Vorrichtung wie in Anspruch 9 oder 10 
beansprucht, worin die Mittel zum Halten des 
Einlasses bei der erforderlichen Temperatur eine 
elektrische Heizvorrichtung (22) oder eine 
Warmeaustauschflussigkeit umfassen. 

Revendications 

1. Procede pour congeler un milieu liquide afin 
de produire des particules congelees spheriques, 
dans lequel le milieu iiquide est introduit sous 
forme de gouttelettes sous la surface d'un liquide 
refrigerant qui est maintenu i une temperature 
inferieure au point de congelation du milieu 
liquide, le liquide refrigerant etant immiscible 
avec le milieu liquide et inerte d regard de celui-ci 
et ayant une densite superieure a celle du milieu 
iiquide et a celle des particules congelees 
resultantes, de fagon qu'a mesure que les goutte- 
lettes de liquide s'elevent en flottant dans le 
liquide refrigerant vers la surface de celui-ci, elles 
soient congelees pour former des particules 
spheriques, caract6ris§ en ce que le liquide refri- 
gerant est deplace dans une direction opposee h 
celle de ('ascension des gouttelettes. 

2. Procede suivant la revendication 1, dans 
lequel fes particules spheriques congelees sont 
collectees & la surface superieure du liquide 
refrigerant ou pres de celle-ci. 

3. Procede suivant la revendication 1 ou 2, dans 
lequel le milieu liquide est une composition 
comprenant une solution dans un solvant aqueux 
d'un excipient qui, lors de la lyophilisation 
ulterieure, forme un reseau qui est desintegrable 
dans I'eau. 

4. Procede suivant la revendication 3, dans 
lequel la composition contient, en outre, une 
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quantity determine au prealable d'un agent 
chimiqu . 

5. Procede suivant la revendication 4, dans 
lequel I'agent chimique est un agent 

5 pharmaceutique. 

6. Proced' suivant Tune quelconque des 
revendications 3 a 5, dans lequel I'excipient est la 
gelatine partiellement hydrolysee ou le dextrane. 

7. Procede suivant I'une quelconque des 
w revendications 3 a 6, dans lequel le liquide 

refrigerant est le trichloroethane, le trichloro- 
ethylene, le dichloromethane, I'ether diethylique 
ou le fluorotrichloromethane. 

8. Procede suivant Tune quelconque des 
15 revendications pr6c6dentes, dans lequel les par- 
ticules spheriques resultantes sont lyophilisees. 

9. Appareil pour congeler un milieu liquide afin 
de produire des particules congelees spheriques, 
qui comprend un recipient (11) pour un liquide 

20 refrigerant, un dispositif pour maintenir la tem- 
perature du liquide refrigerant a une temperature 
inferieure au point de congelation du milieu 
liquide, une admission (21) dans le recipient pour 
introduire le milieu liquide sous la forme de 
25 gouttelettes sous la surface du liquide refrigerant, 
un dispositif (22) pour maintenir la temperature 
de I'admission au-dessus du point de congelation 
du milieu liquide et un dispositif (23) pour 
collecter les particules spheriques congelees en 
30 un endroit plus proche de la surface que 
I'admission, caracterise en ce que des dispositif s 
(12, 13) sont prevus pour deplacer le liquide 
refrigerant en sens descendant dans le recipient 
en direction de Tadmission. 
35 io. Appareil suivant la revendication 9, dans 
lequel le recipient pour le liquide refrigerant est 
une colonne d'un longueur suffisante pour 
contenir la quantite requise de liquide refrigerant. 
11. Appareil suivant la revendication 9 ou 10, 
40 dans lequel le dispositif pour maintenir 
I'admission a la temperature requise comprend 
un organe de chauffage eiectrique (22) ou un 
liquide echangeur de chaleur. 
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